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(57) In the plasma processing apparatus of the 
present invention, a first electrode (21 ) for connecting a 
high frequency electric power source (40) in a chamber 
is arranged to be opposed to a second electrode (5). A 
substrate (W) to be processed is placed between the 
electrodes. There is provided a harmonic absorbing 
member (51) for being able to absorb harmonics of the 
high frequency electric power source (40) so as to come 
in contact with a peripheral portion or circumference of 
a face of the first electrode 21, which is opposite the 
second electrode (5). The harmonic absorbing member 
absorbs the reflected harmonic before the harmonic re- 
turns to the high frequency electric power source. By 
absorbing the harmonic in this manner, the standing 
wave due to the harmonic will be effectively prevented 
from being generated, and the density of plasma is 
made even. 
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Description 

Technical Field 

[0001] The present invention relates to a plasma 
processing apparatus for performing etching and film 
forming on a substrate such as a semiconductor sub- 
strate by plasma processing. 

Background Art 

[0002] In a process for manufacturing semiconductor 
devices, various plasma processing such as etching, 
film forming by sputtering or CVD film forming (Chemical 
Vapor Depositing) have been frequently employed. 
[0003] There have been known various types of plas- 
ma processing apparatuses, among which a capacitive 
coupling type parallel plate plasma processing appara- 
tus is the apparatus the most popularly distributed and 
used. 

[0004] This type of plasma processing apparatus has 
a pair of parallel flat plate electrodes (upper and lower 
electrodes) in a reduced-pressure chamber. A semicon- 
ductor wafer to be processed is placed between the 
electrodes, then process gas (treatment gas) is intro- 
duced into the chamber and electric power with high fre- 
quency is applied to one of the electrodes. A high fre- 
quency electric field generated between the electrodes 
generates plasma from the process gas to perform plas- 
ma processing on the semiconductor wafer. 
[0005] In etching an oxide film or the like formed on a 
semiconductor wafer with use of such a plasma 
processing apparatus, the pressure in the chamber is 
set at an intermediate level to generate plasma having 
an intermediate density, thereby the optimum radical 
control can be attained. In such a condition , the optimum 
plasma can be obtained to realize etching with good sta- 
bility and reproducibility at a high selective ratio. 
[0006] In accordance with the downsizing of a device, 
however, the request for the ultra-integration of a circuit 
is increased. There are also design rule constraints on 
features like the contact hole. The contact hole is re- 
quired to be thin and deep, i.e., to have higher aspect 
ratio. The conventional oxide film etching method is, 
therefore, beginning to be not good enough to satisfy 
the demands of the market. 

[0007] To cope with such recent requests, the fre- 
quency of the electric power applied to the electrode Is 
set at a higher level to generate plasma having a higher 
density, so as to maintain good dissociation. By gener- 
ating the plasma in such a manner, suitable plasma can 
be generated in a lower pressure, and thus the device 
with a smaller design rule can be manufactured. 
[0008] With the conventional plasma processing ap- 
paratus, however, the upper electrode is formed from a 
conductor or semiconductor. Therefore, when the fre- 
quency of the electric power applied to the upper elec- 
trode is set at a high level, the inductance on the surface 



of the electrode will be increased so as not to be ne- 
glected, whereby the electric field in the opposite direc- 
tion will be uneven. 

[0009] Further, such a higher density of the plasma by 
5 the higher frequency remarkably causes non-linear 
characteristics of the plasma, so that a harmonic may 
be easily interposed on the reflected wave form the plas- 
ma. Particularly, with use of the electrode having a di- 
ameter of 250 to 300 mm, It has been found from expe- 
10 rience that such a harmonic generates a standing wave 
on the surface of the electrode, which makes the electric 
field on the surface of the electrode uneven. 
[0010] If the electric field is made uneven in such a 
manner, the density of plasma will be also made uneven, 
is with the result that the etching rate of etching will be un- 
even. Accordingly, it is essential to make the etching rate 
even by eliminating the causes of the uneven electric 
field. 

[0011] The above-mentioned problems in generating 
20 a high-density plasma, however, have not been recog- 
nized clearly, and thus a proposal for preventing the 
above-mentioned uneven electric field has not suffi- 
ciently been presented yet. 

[0012] Further, according to the conventional plasma 

25 processing apparatus, the electric power is applied to 
the upper electrode with use of an electric power apply- 
ing rod, and thus a box having a size substantially equal 
to a chamber encloses the electric power applying rod 
to shield electromagnetic wave. 

30 [0013] However, since the inductance of the electric 
power applying rod is very high, if the frequency of the 
high frequency power supplied to the upper electrode is 
set at a higher level in order to increase the plasma den- 
sity, the harmonic of the wave reflected from the plasma 

35 is reflected due to the inductance component of the elec- 
tric power applying rod. Further, reflection is caused at 
every portions within the box in which the electric power 
applying is disposed, and the resultant reflected har- 
monic backs to the surface of the upper electrode ex- 

40 posed to the plasma, 

[0014] With the electrode having a diameter of 250 
mm to 300 mm, a standing wave will be easily generated 
on the surface of the electrode due to the higher har- 
monic (higher harmonic), which makes the electric field 

45 on the surface of the electrode uneven. 

[001 5] The electric power applying rod is provided to 
the center of the upper electrode on the rear surface 
thereof. When the frequency of the electric power ap- 
plied to the electrode is increased to generate high-den- 

so sity plasma, the high frequency current flows only on the 
surface of the electrode. The high frequency electric 
power applied from the electric power applying rod to 
the upper electrode flows through the rear surface of the 
electrode to the outer periphery of the round electrode 

55 to be supplied from the outer periphery to the center of 
the electrode. 

[0016] The outer periphery of the electrode is en- 
closed by an insulator (capacity component) and the 
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chamber enclosing the insulator is grounded. With this 
structure, the standing wave is generated on the plasma 
contacting face of the upper electrode by the interfer- 
ence, which makes the electric field on the electrode in 
the direction of the diameter uneven. The unevenness s 
of the electric field also makes the density of the plasma 
uneven, which causes an uneven etching rate. Accord- 
ingly, these causes need to be eliminated to make the 
etching rate even. 

[0017] However, as mentioned before, the problems 10 
in generating the high-density plasma, have not been 
recognized clearly, and thus a proposal for preventing 
the above-mentioned uneven electric field has not been 
sufficiently presented yet. 

15 

Disclosure of Invention 

[0018] The present invention is intended to provide a 
plasma processing apparatus capable of making the 
density of plasma even by suppressing the unevenness 20 
of the electric field on the surface of an electrode in the 
plasma processing using high-density plasma with use 
of which a device can be formed finer, 
[0019] In order to attain the above-mentioned object, 
the present invention provides a plasma processing ap- 25 
paratus comprising a chamber containing a substrate to 
be processed; a first electrode and a second electrode 
arranged to be opposed to each other in the chamber; 
high frequency electric power applying means for apply- 
ing high frequency electric power to the first electrode; 30 
a harmonic absorbing member arranged to come into 
contact with one of an outer periphery and an outer pe- 
ripheral face on an opposing face (on which the first 
electrode faces the second electrode) of the first elec- 
trode being opposed to the second electrode, for ab- 35 
sorting a harmonic generated by the high frequency 
electric power applied by the high frequency electric 
power applying means; exhaust means for exhausting 
the chamber to maintain a pressure in the chamber at 
a reduced level; and process gas introducing means for 40 
introducing process gas into the chamber, wherein in a 
state that one of the first and second electrodes is 
caused to hold the substrate to be processed, while the 
harmonic absorbing member absorbs the harmonic 
generated by the high frequency electric power, a high 45 
frequency electric field is formed between the first and 
the second electrodes to generate plasma of the proc- 
ess gas, and the substrate to be processed is subjected 
to plasma processing with the plasma while the harmon- 
ic absorbing member absorbs the harmonic generated so 
by the high frequency electric power. 
[0020] In the plasma processing apparatus of the 
present Invention, high frequency electric power is ap- 
plied to the first electrode. There is provided a harmonic 
absorbing member for absorbing a harmonic of the high ss 
frequency electric power source so as to come into con- 
tact with a peripheral portion or circumference of a face 
of the first electrode, which is opposite to the second 



electrode. The harmonic absorbing member absorbs a 
harmonic reflected from plasma before the harmonic re- 
turns to the high frequency electric power source. By 
absorbing the harmonic in this manner, the standing 
wave due to the harmonic will be effectively prevented 
from being generated, and the density of plasma is 
made even. With such a structure, the standing wave 
due to the harmonic can be prevented to suppress the 
unevenness of the electric field on the surface of the 
electrode due to the standing wave, with the result that 
the density of plasma can be made even. 

Brief Description of Drawings 

[0021] 

FIG. 1 is a sectional view showing the plasma etch- 
ing apparatus according to the first embodiment of 
the present invention. 

FIG. 2 is a schematic view for explaining the cause 
of the standing wave formed on the electrode ap- 
plied with a high frequency wave. 
FIG. 3 is a sectional view showing an example of 
an arrangement of a high frequency wave absorb- 
ing member. 

FIG. 4 is a graph showing frequency characteristics 
of return loss when a ferrrte sinter having a thick- 
ness of 7 mm is used as the high frequency wave 
absorbing member. 

FIG. 5 is a graph showing frequency characteristics 
of return loss when a ferrite sinter having a thick- 
ness of 4,5 mm is used as the high frequency wave 
absorbing member. 

FIG. 6 is a sectional view showing the plasma etch- 
ing apparatus according to the second embodiment 
of the present invention. 

FIG. 7 is a sectional view schematically showing the 
supply path of the high frequency electric power on 
the electrode. 

FIG. 8 is a bottom view schematically showing the 
supply path of the high frequency electric power on 
the electrode. 

FIG. 9 is a sectional view schematically showing a 
first example of the upper electrode according to the 
second embodiment of the present invention. 
FIG. 10 is a sectional view schematically showing 
a second example of the upper electrode according 
to the second embodiment of the present invention. 
FIG. 1 1 is a sectional view schematically showing a 
supply path of the high frequency electric power in 
the second example of the upper electrode accord- 
ing to the second embodiment of the present inven- 
tion. 

FIG. 12 is a sectional view schematically showing 
a third example of the upper electrode according to 
the second embodiment of the present invention. 
FIG. 13 is a sectional view schematically showing 
a fourth example of the upper electrode according 
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to the second embodiment of the present invention, 
FIG. 14 is a sectional view schematically showing 
a fifth example of the upper electrode according to 
the second embodiment of the present invention. 
FIG. 15 is a sectional view schematically showing 
a sixth example of the upper electrode according to 
the second embodiment of the present invention. 
FIG. 16 is a sectional view showing the plasma 
etching apparatus according to the third embodi- 
ment of the present invention. 
FIGS. 17A and 17B are schematic views for ex- 
plaining the principle of the third embodiment of the 
present invention. 

FIG. 18 is a sectional view showing the plasma 
etching apparatus according to the fourth embodi- 
ment of the present invention. 
FIG. 19 is a sectional view showing the plasma 
etching apparatus according to the fifth embodi- 
ment of the present invention. 
FIG. 20 is a circuit diagram showing an equivalent 
circuit of an electric power supplying rod and a cy- 
lindrical conductive member in the plasma etching 
apparatus according to the fifth embodiment of the 
present invention. 

FIG. 21 is a circuit diagram showing an equivalent 
circuit of an upper surface of the upper electrode 
(electrode supporting body) and a plate-like con- 
ductive member in the plasma etching apparatus 
according to the fifth embodiment of the present in- 
vention. 

FIG. 22 is a sectional view showing the plasma 
etching apparatus according to the sixth embodi- 
ment of the present invention. 

Best Mode for Carrying Out of the Invention 

[0022] The present invention can be more fully under- 
stood from the following detailed description of embod- 
iments of the invention in conjunction with the accom- 
panying drawings. 

[0023] FIG. 1 is a sectional view schematically show- 
ing the plasma etching apparatus according to the first 
embodiment of the present invention. 
[0024] A plasma processing apparatus 1 is constitut- 
ed as a capacitive coupling type parallel plate etching 
apparatus having two electrode plates being opposed 
to each other (arranged in parallel and facing each oth- 
er) one of which is connected to a plasma generating 
electric power source. 

[0025] The plasma processing apparatus 1 has a 
chamber 2 formed of aluminum in a cylinder shape the 
surface of which is processed (subjected to an anodic 
oxidation process) to form aiumite. The chamber 2 is 
grounded. 

[0026] The chamber 2 is provided on the bottom face 
with an insulator 3, such as a ceramic, upon which a 
suscepter supporting body 4 formed in a substantially 
columnar shape is placed, for mounting an object to be 



processed, such as a semiconductor wafer (hereinafter 
referred to as "wafer") W. There is further provided on 
the suscepter supporting body 4 a suscepter 5 consti- 
tuting a lower electrode. The suscepter 5 is connected 

5 to a high-pass filter (HPF) 6. 

[0027] The susceptersupporting body 4 contains a re- 
frigerant passage 7 into which a refrigerant such as liq- 
uid nitrogen is introduced through a refrigerant pipe 8 
and circulates therein. The coldness of the refrigerant Is 

10 transmitted to the wafer W via the suscepter 5 to control 
the surface of the wafer W which is to be processed at 
a desired temperature. 

[0028] The suscepter 5 is formed in a disk-like shape 
the center of the upper side of which protrudes upwards, 

15 and mounts the wafer W and an electrostatic chuck 1 1 . 
The electrostatic chuck 11 has an electrode 12 implant- 
ed in the body formed of an insulator, and electrostati- 
cally holds the wafer W with use of the Coulomb force 
or the like when the electrode 12 is applied with a direct 

20 voltage of 1 .5 kV, for example, by a direct voltage source 
13. 

[0029] The Insulating plate 3, the suscepter support- 
ing body 4, the suscepter 5, and the electrostatic chuck 
11 is provided with a gas path 14 for supplying a tem- 

25 perature transmission medium such as He gas to the 
rear surface of the wafer W, via which the coldness of 
the suscepter 5 is transmitted to the wafer W to control 
the wafer W at a predetermined temperature. The sus- 
cepter 5 is provided on the outer periphery of the upper 

30 surface with a circular focus ring 15 to surround the wa- 
fer W mounted on the electrostatic chuck 11 . The focus 
ring 1 5 is formed of a conductive material such as silicon 
and facilitates even etching of the wafer. 
[0030] The suscepter 5 functions as the lower elec- 

35 trode. There is provided an upper electrode 21 above 
and opposite the suscepter 5. 

[0031] The faces of the suscepter 5 and the upper 
electrode 21 which face each other are referred to as 
"opposing faces" hereinafter. The faces not being op- 
40 posed to each other are referred to as non-opposing fac- 
es. 

[0032] The opposing face of the upper electrode 21 is 
formed as an electrode plate 23 having a number of de- 
livery holes 24. The electrode plate 23 is fixed to an elec- 
ts trode supporting body 22. The body 22 is a water-cooled 
structure formed from a conductive material such as alu- 
minum the surface of which has been processed to form 
aiumite. The upper electrode 21 according the embod- 
iments to be described below is comprised by the elec- 
50 trode plate 23 and the electrode supporting body 22. 
[0033] The outer periphery of the upper electrode 21 
is provided with insulating member 25 formed in a ring- 
like shape to be placed therein. 
[0034] There is provided a harmonic absorbing mam- 
55 ber 51 formed in a ring-shape so as to come in contact 
with the outer peripheries of the electrode plate 23 and 
the insulating member 25. There is also provided an in- 
sulating member 52 formed in a ring-shape so as to 
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bridge the electrode plate 23 and the insulating member 
25 and cover the harmonic absorbing member 51 . 
[0035] With this structure, the upper electrode 21 is 
fixed to on the chamber 2 to be put into the insulating 
material 52. The suscepter 5 is separated from the up- 
per electrode 21 by around 1 0 to 60 mm. 
[0036] The harmonic absorbing member 51 is de- 
signed to absorb or attenuate the harmonic generated 
by the high frequency electric power reflected by plasma 
by using the magnetic resonance loss effect. As a ma- 
terial absorbing the harmonic, ferrite is well-known, and 
thus the harmonic absorbing member 51 is formed of a 
material containing ferrite. By varying the thickness and 
the material of the harmonic absorbing member 51 , the 
frequency band of the harmonic to be absorbed can be 
adjusted. 

[0037] On the other hand, the frequency band of the 
harmonic to be absorbed can be widened by forming the 
harmonic absorbing member 51 of laminated materials 
having different frequency characteristics. In this man- 
ner, a standing wave can be prevented by absorbing and 
attenuating the harmonic having the desired frequency. 
[0038] The electrode supporting body 22 of the upper 
electrode 21 is provided with a gas inlet 26 connected 
to a gas supplying pipe 27. The gas supplying pipe 27 
is connected to a process gas source 30 via a valve 28 
and a mass flow controller 29. The process gas source 
30 supplies process gas for plasma processing such as 
etching. 

[0039] The gas conventionally employed in the plas- 
ma processing can be employed as the process gas. It 
is preferable to employ gas containing elements of the 
halogen series, such as fluorocarbon gas (CxFy) or hy- 
drofluorocarbon gas (CpHqFr). The rare gas such as Ar, 
He, and the like and N 2 can be added, of course. The 
bottom portion of chamber 2 is provided with an exhaust 
pipe 31 connected to an exhaust system 35. The ex- 
haust system 35 has a vacuum pump such as a turbo 
molecule pump which can reduce the pressure in the 
chamber 2 to a predetermined pressure such as 1 Pa 
or less. 

[0040] The chamber 2 is provided with a gate valve 
32 on a sidewall. When the gate valve 32 is opened, the 
wafer W is conveyed to/from a load lock chamber (not 
shown) adjacent to the chamber 2. 
[0041] The upper electrode 21 is connected to a high 
frequency electric power source 40 for generating plas- 
ma via a matching device 41 . The electric power from 
the high frequency electric power source 40 is supplied 
to the upper electrode 21 via an electric power supplying 
rod 33. 

[0042] The upper electrode 21 is connected to a low 
pass filter (LPF) 42. The high frequency electric power 
source 40 supplies electric power having a frequency of 
27 MHz or higher. By applying electric power having 
such a high frequency, a high density plasma can be 
generated so as to maintain the chamber 2 at a good 
dissociation condition to enable plasma processing un- 



der a low pressure. 

[0043] In this example, an electric power source 40 
supplies electric power having a frequency of 60 MHz. 
The suscepter 5 as the lower electrode is connected to 
5 a high frequency electric power source 50 via a match- 
ing device 51 on the supplying line. 
[0044] The high frequency electric power source 50 
supplies high frequency electric power having an arbi- 
trary frequency within a range of 100 kHz to 10 MHz. By 
10 applying the electric power within such a frequency 
band, a suitable ion effect can be applied to the wafer 
W without any damage. In this embodiment, an electric 
power source for supplying electric power having a fre- 
quency of 2 MHz is used as the high frequency electric 
is power source 50. 

[0045] The process using the plasma etching appara- 
tus 1 constituted as above will be described below. 
[0046] After the gate valve 32 is opened, the wafer W 
is conveyed to the chamber 2 from the load lock cham- 
ber (not shown) to be mounted on the electrostatic 
chuck 1 1 . The direct voltage source 1 3 then applies a 
direct voltage to electrostatically absorb the wafer W on 
the electrostatic chuck 11. 

[0047] The gate valve 32 is then closed and the ex- 
haust system 35 reduces the pressure in the chamber 
2 to the desired level. 

[0048] Subsequently, the valve 28 is opened to intro- 
duce the process gas into the upper electrode 21 from 
the process gas source 30 through the process gas sup- 
plying pipe 27 and the gas inlet 26 while the gas flow 
rate is controlled by the mass flow controller 29. The 
process gas passes through the delivery holes 24 of the 
electrode plate 23 and is delivered evenly to the wafer 
W as indicated by an arrow shown in FIG. 1 so as to 
maintain the pressure in the chamber 2 at a predeter- 
mined value. 

[0049] The high frequency electric power source 40 
applies electric power having a high frequency no lower 
than 27 MHz, for example, 60 MHz, to the upper elec- 
trode 21 . By applying the high frequency wave in such 
a manner, a high frequency electric field is generated 
between the upper electrode 21 and the suscepter 5 as 
the lower electrode. The process gas is dissociated to 
be plasma in the electric field, and the plasma etches 
the wafer W. 

[0050] On the other hand, the high frequency electric 
power source 50 applies electric power having high fre- 
quency within the range of 100 kHz to 10 MHz, for ex- 
ample, 2 MHz, to the suscepter 5. By applying the high 
frequency wave in such a manner, the ions in the plasma 
are introduced into the side of the suscepter 5, and an- 
isotropic property of the etching is improved by the ion 
assistance. 

[0051] By setting the frequency of the high frequency 
electric power applied to the upper electrode 21 at 27 
MHz or higher, the density of plasma can be increased. 
However, merely by setting the frequency of the high 
frequency electric power applied to the upper electrode 
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at the high level, the harmonic is reflected from the plas- 
ma. The reflected harmonic generates the standing 
wave under the electrode plate 23, which causes the 
unevenness of the electric field under the electrode 
plate 23. 

[0052] More specifically, when the high frequency 
wave of 27 MHz or higher is employed to generate plas- 
ma, a harmonic n times higher than the frequency of the 
applied electric power will be easily generated by plas- 
ma. When the harmonic backs to the high frequency 
wave source from the upper electrode 21 , the harmonic 
is reflected at the portions such as a border between the 
upper electrode 21 and the insulating member 25 as in- 
dicated as A and B and the electric power supplying po- 
sition indicated as C in RG. 2, and generates the stand- 
ing wave between these portions and the center of the 
upper electrode 21 indicated as D. 
[0053] When the wavelength of the standing wave 
equals to 1/4 times of a wavelength X of a harmonic, i. 
e., A/4, the density of plasma is increased near the cent- 
er of the upper electrode 21, which will cause uneven 
plasma. For example, when a high frequency wave hav- 
ing a frequency of 60 MHz is employed as the high fre- 
quency electric power source 40, the wavelength of the 
high frequency wave is 5 m. Assuming that the distance 
between the portions A to D is set at 0.14 m, the calcu- 
lation Indicates that the harmonic of the ninth degree will 
be easily generated. 

[0054] In consideration of the wavelength shortening 
rate proportional to the 1/2th power of the dielectric con- 
stant of high frequency wave path material, the harmon- 
ic of the third to sixth degree will be easily generated. 
When the distance between the portions A to D is set at 
0.07 m, however, the similar problem will occur even us- 
ing the high frequency wave of 13.56 MHz. 
[0055] In contrast, according to the present embodi- 
ment, the harmonic back to the high frequency electric 
power source 40 is absorbed by providing the harmonic 
absorbing member 51 to the electrode plate 23 on the 
side of the opposing face, thereby the generation of the 
standing wave can be prevented. 
[0056] The harmonic absorbing member 51 is formed 
in a ring-like shape in the present embodiment to im- 
prove the harmonic absorbing effect It goes without 
saying that the shape of the harmonic absorbing mem- 
ber 51 is not limited to a ring. The same effect can be 
also attained by providing the harmonic absorbing mem- 
ber 51 to the outer periphery of the upper electrode 21 , 
as shown in FIG. 3. 

[0057] When the harmonic absorbing member 51 is 
formed of ferrite sinter, the harmonic absorbing member 
51 can absorb and attenuate harmonic using the mag- 
netic resonance loss effect, as described above. In this 
case, the frequency band that can be attenuated will be 
shifted by the thickness of the harmonic absorbing 
member 51. When the thickness of the harmonic ab- 
sorbing member 51 is halved, the frequency band that 
can be attenuated will be doubled. 



[0058] More specifically, when the thickness of the 
harmonic absorbing member 51 is 7 mm, the harmonic 
of 200 to 800 MHz can be attenuated by 20 dB, as shown 
in FIG. 4. When the thickness of the harmonic absorbing 
s member 51 is 4.5 mm, the harmonic of 700 MHz to 3 
GHz can be attenuated by 20 dB, as shown in FIG. 5. 
The frequency band that can be attenuated can be wid- 
ened by laminating ferrite layers having different fre- 
quency characteristics. For example, when the above- 
to mentioned layers having a thickness of 7 mm and 4.5 
mm are laminated, the harmonic having a wide frequen- 
cy band from 200 MHz to 3 GHz can be attenuated. 
[0059] The present embodiment will not be limited to 
the first embodiment and various modifications can be 
is attained. 

[0060] For example, the case where the upper elec- 
trode is applied with electric power having high frequen- 
cy of 27 MHz is described in the first embodiment, but 
the frequency lower than 27 MHz is also effective. 

20 [0061] Further, in the present embodiment, the upper 
and lower electrodes are applied with electric power 
having high frequency in the first embodiment, the type 
that only the upper electrode is applied with electric pow- 
er having high frequency may be employed. The present 

25 embodiment can be applied to the apparatus wherein 
the lower electrode is applied with electric power having 
high frequency. In this case, the harmonic absorbing 
member is arranged to come into contact with the edge 
portion of the face of the lower electrode, which is op- 

30 posed to the upper electrode, orthe periphery of the low- 
er electrode. 

[0062] In addition, the case where the semiconductor 
wafer is used as the substrate to be processed and 
etched is described in this embodiment, but the sub- 

35 strate is not limited to the semiconductor wafer, but the 
other substrate such as a liquid display apparatus (LCD) 
or the like may be processed. The plasma processing 
is not limited to the etching, but an other processing such 
as sputtering, CVD, orthe like may be performed. 

40 [0063] According to the present embodiment, the first 
electrode is applied with electric power having high fre- 
quency, and the harmonic absorbing member for ab- 
sorbing harmonic having frequency of the high frequen- 
cy wave electric power applied by the high frequency 

45 wave electric power applying means is arranged to 
come in contact with the edge portion of the face of the 
first electrode, which is opposed to the second elec- 
trode, or the periphery of the first electrode. With this 
method, the harmonic reflected by plasma passes 

so through the electrode and reaches the harmonic ab- 
sorbing member before returning to the high frequency 
electric power source, where the harmonic will be ab- 
sorbed. 

[0064] Accordingly, the standing wave due to the har- 
55 monic will be prevented from being generated, and the 
unevenness of the electric field on the surface of the 
electrode, which is caused by the standing wave, can 
be suppressed to make the density of plasma even. 
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[0065] FIG. 6 shows an example of a constitution of 
a plasma processing apparatus according to the second 
embodiment of the present invention, used as a capac- 
itive coupling type parallel plate etching apparatus. The 
constituent elements as the main feature of the appara- 
tus according to the present embodiment will be de- 
scribed below, and the same constituent elements as 
those of the first embodiment shown in FIG. 1 will be 
denoted by the same symbols and the description there- 
of will be omitted. 

[0066] The upper electrode 21 of this etching appara- 
tus 1 02 is arranged on the upper portion in the chamber 
2 to be opposed to a suscepterS via an insulating mem- 
ber 25 covering the electrode like a ring along the outer 
periphery thereof. The upper electrode 21 is constituted 
by the electrode plate 23 having numerous delivery 
holes 24 and the electrode supporting body 22 so as to 
be integrated. 

[0067] The upper electrode of the present embodi- 
ment does not have the harmonic absorbing member51 
or the insulating member 52 described in the first em- 
bodiment, but is attached directly to the chamber 2 by 
the insulating member 25. The other structure is the 
same as that described in the first embodiment. 
[0068] The structure of the upper electrode 21 will be 
described below in detail. 

[0069] The electrode 23 of the upper electrode 21 is 
normally formed of a conductor or semiconductor such 
as Si, SiC or the like. When the frequency of the high 
frequency electric power 40 supplied via the electric 
power supplying rod 33 is increased, the skin effect will 
be generated to supply electric power only to the surface 
of the electrode. As shown in FIG. 7, the electric power 
passes the surface of the electric power supplying rod 
33, the upper surface of the electrode supporting body 
22, the side face of the electrode supporting body 22, 
and the side face of the electrode plate 23, and reaches 
the lower surface of the electrode plate 23, which is a 
plasma contacting face. 

[0070] In this case, the electric power supplying rod 
33 is connected to the center of the non-opposing face 
of the upper electrode 21 , and thus the electric power 
has the same phase anywhere in the edge portion on 
the opposing face of the electrode plate 23. As shown 
in FIG. 8, the electric power having the same phase is 
supplied gradually toward the center of the opposing 
face from the edge portion of the electrode plate 23. With 
this constitution, the phase difference d/A, {X is the wave- 
length of the electric wave on the electrode, and d is a 
radius of the electrode) is generated between the center 
and the edge portion of the electrode plate 23. 
[0071] When the frequency of the high frequency 
electric power applied is increased, the inductance (La>- 
j£2) in the direction in which the electrode plate 23 is op- 
posed to the suscepter 5 is not neglected. The imped- 
ance at the center of the opposing face of the electrode 
plate 23 will be decreased due to the interference by the 
phase difference d/A,, thereby the strength of the electric 



field of the center of the electrode plate 23 is h igher than 
that of the edge portion . The center of the electrode plate 
23 comes in contact with plasma, and thus is an open- 
circuit terminal of an RF equivalent circuit. 
5 [0072] Accordingly, the electric field supplied to plas- 
ma is similar to the standing wave, which causes the 
unevenness of the density of plasma. 
[0073] In the first example to solve the unevenness of 
the density of plasma, the opposing face of the electrode 
10 plate 23 is constituted by an outer portion 61 formed of 
a conductor or semiconductor having a low resistivity of 
around 50 mfl ■ cm and a central portion 62 formed of 
a dielectric, as shown in FIG. 9. By forming the central 
portion 62 of dielectric, the capacitance between the 
15 plasma and the dielectric is added at the portion. The 
impedance Z will be expressed as follows: 

Z = Lo) - (1/Cco)j 
[where co - 2rcf (f: frequency)] 

The inductance component (Lo>) in the direction of the 
diameter of the electrode plate 23 in the impedance Z 
can be thus offset by the capacitance component (- 
1/Cco) of the capacitance C of the dielectric member 62. 
[0074] Accordingly, the change of the impedance Z 
due to the phase is prevented almost perfectly in the 
opposing face of the electrode plate 23, thereby the 
electric field strength of the center of the opposing face 
of the electrode plate 23 is decreased, which makes the 
electric field applied to plasma from the lower face of the 
electrode even, and the density of plasma can be also 
made even. 

[0075] The diameter of the central portion 62 formed 
of dielectric is preferably 10 to 50 mm<t> when the diam- 
eter of the electrode plate 21 is set at 300 mmf The 
dielectric constant of the dielectric comprising the cen- 
tral portion 62 needs to be set merely enough to offset 
the inductance component Lo>, and thus the central por- 
tion 62 may be formed from a polylmide resin having a 
dielectric constant of 3, for example. The outer portion 
61 can be formed from conductor or semiconductor 
such as Si, SiC or the like, which is normally used to 
form an electrode plate. 

[0076] The second example of the upper electrode 21 
will be described below. 

[0077] According to the second example, the elec- 
trode plate 23 is constituted by an outer portion 63 
formed of conductor or semiconductor having relatively 
low resistivity of 50 mO, ■ cm for example, and a central 
portion 64 formed of high resistant member having rel- 
atively high resistivity of 1 to 100 £2 • cm, as shown in 
FIG. 10. 

[0078] By forming the central portion 64 of such a high 
resistant member, the thickness of the portion supplied 
with electric power at the portion, i.e., so-called skin 
depth 5 will be varied. More specifically, the skin depth 
5 can be expressed as 
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5 = (2/coa.u) ' 

[where a is conductivity, u, is magnetic permeability] 
When the resistance becomes larger to decrease the 
conductivity a, the skin depth 5 will become larger. 
[0079] When the skin depth 5 of the high resistance 
member 64 increases more than the thickness of the 
high resistance member 64, the high frequency electric 
power reaches the rear face (non-opposing face) of the 
high resistance member 64 to be supplied there as 
shown in FIG. 1 1 . On the way from the rear face to the 
lower face of the high resistance member 64, the high 
frequency electric power will be discharged as Joule 
heat. 

[0080] By virtue of the heat discharge, the electric 
field strength of the center of the opposing face of the 
electrode plate 23 is made even, as the result, the elec- 
tric field applied to plasma from the opposing face of the 
electrode plate 23 is made even , and the density of plas- 
ma can be also made even. 

[0081] The diameter of the central portion of the high 
resistance member 64 is preferably 50 to 220 mm $ 
when the diameter of the electrode 21 is set at 300 mmf 
It is preferable that the high resistance member (central 
portion) 64 is formed from Si since the resistance can 
be adjusted merely by adjusting the amount of the do- 
pant such as boron. 

[0082] The outer portion 63 can be formed from a con- 
ductor or semiconductor such as Si, SiC or the like, 
which is normally used to form an electrode plate. It is 
easier to form the entire electrode plate 23 from Si and 
form the outer portion 63 and the high resistance mem- 
ber 64 by changing the doping amount of the dopant 
such as boron. 

[0083] The third example of the upper electrode 21 
will be described below. 

[0084] According to the present example, a dielectric 
member 65 is provided to the electrode plate 23 to come 
in contact with the center of the non-opposing face of 
the electrode plate 23, as shown in FIG. 12. In this ex- 
ample, the electrode plate 23 is formed of conductor or 
semiconductor having resistivity within 1 to 100 fit * cm, 
such that the skin depth 5 is larger than the thickness of 
the electrode plate 23. 

[0085] By forming the electrode plate 23 in such a 
manner, the high frequency electric power reaches the 
rear face (non-opposing face) of the electrode plate 23 
to be supplied there. By arranging the dielectric member 
65 on the central portion of the rear surface of the elec- 
trode plate 23, the capacitance between the plasma and 
the dielectric is added at the portion. 
[0086] Accordingly, as In the first example, the induct- 
ance component (La>) in the direction of the diameter in 
the impedance Z can be thus offset by the capacitance 
component (-1/Co>) of the capacitance C of the dielectric 
member 62. The change of the impedance Z due to the 
phase is thus decreased in the central portion of the op- 



posing face of the electrode plate 23, thereby the electric 
field strength of the center of the opposing face of the 
electrode plate 23 is decreased, which makes the elec- 
tric field applied to plasma from the lower face of the 
5 electrode even, and the density of plasma can be also 
made even. 

[0087] In the third example, the electrode plate 23 
need not be divided into two portions, unlike the first and 
second examples, and the conventional Integrated elec- 
ta trode plate formed of a conductor and semiconductor 
can be employed. 

[0088] The diameter of the dielectric member 65 
formed of a dielectric is preferably 50 to 220 mm(|> when 
the diameter of the electrode 21 is set at 300 mm<|>. The 

15 dielectric constant of the dielectric member 65 needs to 
be set merely enough to offset the inductance compo- 
nent Lo>, and thus the dielectric member 65 may be 
formed from a polyimide resin having a dielectric con- 
stant of 3, for example. 

20 [0089] The fourth example of the upper electrode 21 
will be described below. 

[0090] According to the present example, a high re- 
sistant member 66 is provided to the electrode plate 23 
to come in contact with the center of the rear face of the 

25 electrode plate 23, as shown in FIG. 13. According to 
the fourth example, the electrode plate 23 is formed of 
a high resistant member having resistivity within a range 
of 1 to 100 £2 - cm and the skin depth 5 is larger than the 
thickness of the electrode plate 23. 

30 [0091 ] By forming the electrode plate 23 in this man- 
ner, the high frequency electric power reaches the non- 
opposing face of the electrode plate 23 to be supplied 
there. By arranging the high resistant member 66 in the 
central portion of the rear face of the electrode plate 23, 

35 the high frequency electric power supplied thereto will 
be discharged as Joule heat. By virtue of the heat dis- 
charge, the electric field strength of the center of the op- 
posing face of the electrode plate 23 is decreased. Ac- 
cordingly, the electric field applied to plasma from the 

40 opposing face of the electrode Is made even, and the 
density of plasma can be also made even. Also in the 
fourth example, the electrode plate 23 needs not to be 
divided into two portions, unlike the first and second ex- 
amples, and the conventional integrated electrode plate 

45 formed of conductor and semiconductor can be em- 
ployed. 

[0092] The diameter of the high resistant member 66 
formed of dielectric Is preferably 50 to 220 mm<t> when 
the diameter of the electrode 21 is set at 300 mmf It is 

so preferable that the high resistant member 66 is formed 
from Si since the resistance can be adjusted merely by 
adjusting the amount of the dopant such as boron. 
[0093] The fifth example of the upper electrode 21 will 
be described below. 

55 [0094] According to the present example, an insulat- 
ing layer 67 is provided on the opposing face of the elec- 
trode plate 23, as-shown in FIG. 14. The insulating layer 
67 can be formed by the frame spraying of ceramic or 
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the like, but can also be formed in other ways. By form- 
ing the insulating layer 67 in this manner, the capacitive 
coupling is formed between plasma and the electrode 
plate 23 via the insulating layer 67. 
[0095] In other words, there are a plenty of capacitors 
between the electrode plate 23 and plasma in an RF 
equivalent circuit. As a result, the inductance compo- 
nent (La)) in the direction in which the suscepter 5 and 
the electrode plate 23 are opposed to each other can 
be thus offset by the capacitance component (-1/Cco) of 
the insulating layer 67. 

[0096] The change of the impedance Z due to the 
phase is thus prevented almost perfectly on the oppos- 
ing face of the electrode plate 23, thereby the electric 
field applied to plasma from the opposing face of the 
electrode is made even, and the density of plasma can 
be also made even. 

[0097] The material and the thickness of the insulating 
layer 67 are determined such that the capacitance of the 
insulating layer is set high enough to offset the induct- 
ance component (Leo). 

[0098] The unevenness of the electric field on the op- 
posing face of the electrode plate 23 of the upper elec- 
trode 21 is caused not only by the change in direction 
of the inductance on the surface of the electrode when 
the frequency of the electric power applied to the elec- 
trode Is increased. The unevenness of the electric field 
on the opposing face of the electrode plate 23 will be 
caused also in the case where the non-linear character- 
istics of plasma remarkably appears, a harmonic of the 
reflection wave from plasma is increased, and the har- 
monic generates a standing wave on the surface of the 
electrode. 

[0099] More specifically, the reflection wave of the 
high frequency electric powerfrom the plasma contains 
so much amount of harmonics. The harmonics are fur- 
ther reflected by the inductance component of the elec- 
tric power supplying rod 33. Some of the harmonics con- 
tain the reflection waves reflected by the rod 33 having 
a wavelength for forming the standing wave when the 
diameter of the electrode 21 is set at 250 to 300 mm<)>, 
the standing wave is formed on the opposing face of the 
electrode plate 23 to increase the electric field strength 
in the central portion of the surface of the electrode plate 
23. 

[0100] In order to solve the above-mentioned prob- 
lem, according to the sixth example of the upper elec- 
trode 21 , a member 68 having an electromagnetic wave 
absorbing effect, such as ferrite sinter, is provided to the 
electrode plate 23 so as to come in contact with the cen- 
tral portion of the non-opposing face of the electrode 
plate 23, as shown in FIG. 15. With use of such a mem- 
ber 68, the harmonic from plasma is absorbed. By ab- 
sorbing the harmonic in this manner, the standing wave 
can be prevented from being generated, the electricf ield 
on the opposing face of the electrode plate 23 is made 
even, and the density of plasma can be made even. 
[0101] In this case, the member 68 having the elec- 



tromagnetic wave absorbing effect is formed from the 
material having a property that absorbs the harmonic 
from plasma but does not absorb the frequency of the 
higher frequency electric power. The frequency band to 

s be absorbed by the member 68 can be adjusted by the 
type of material and component. 
[0102] The above-mentioned first to sixth examples 
of the upper electrodes in the second embodiment is ef- 
fective particularly in the case where the frequency of 

10 the electric power applied to the electrode is 27 MHz or 
more, and the density of plasma is as high as 1 x 1 0 1 V 
cm 3 or higher. 

[0103] Next, the etching apparatus according to the 
second embodiment will be described about the exam- 
's pie in which an oxide film formed on the wafer W is 
etched. 

[0104] As in the first embodiment, the wafer W is 
transferred into the chamber 2 to be electrostatically at- 
tached to an electrostatic chuck 11 . After the pressure 
20 of the chamber 2 is reduced to a predetermined level, 
the process gas is introduced into the chamber 2 to be 
blown to the wafer W under a predetermined pressure. 
[0105] Subsequently, a high frequency electric power 
having frequency of 60 MHz is applied to the upper elec- 
ts trode 21 from the high frequency electric power source 
40. By applying such a high frequency electric power, a 
high frequency electric field Is generated between the 
upper electrode 21 and the suscepter (lower electrode) 
5, and the process gas is dissociated therein to be plas- 
30 ma. On the other hand, the high frequency electric pow- 
er source 50 applies electric power having high frequen- 
cy within the range of 1 to 4 MHz, for example, 2 MHz, 
to the suscepter 5 as a lower electrode. By applying the 
high frequency wave in such a manner, the ions in the 
35 plasma are introduced into the side of the suscepter 5, 
and anisotropy of the etching is improved by the ion as- 
sistance. 

[0106] By setting the frequency of the high frequency 
electric power applied to the upper electrode 21 at 27 

40 MHz or higher, the density of plasma can be increased. 
However, in the conventional constitution of the upper 
electrode, the unevenness of the electricf ield on the op- 
posing face of the electrode plate 23 will be caused due 
to the standing wave, as described before. 

45 [0107] According to the present embodiment, any of 
the causes of the unevenness of the electric field on the 
opposing face of the electrode plate 23 can be eliminat- 
ed by constituting the upper electrode 21 as described 
in the first to sixth examples. Accordingly, the electric 

so field on the opposing face of the electrode plate 23 can 
be made even more than the conventional one, thereby 
the density of plasma can be made more even. 
[0108] More specifically, with the above-mentioned 
constitution of the upper electrode, the frequency of the 

55 high frequency electric power is increased, and the 
problem unique to the case when the density of plasma 
is increased can be solved, thereby high-density and an 
even plasma can be generated. 
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[0109] Therefore, according to the present embodi- 
ment, the evenness of the etching can be improved to 
suitably cope with the downsizing of the design rule. 
[0110] When the frequency of the electric power ap- 
plied to the electrode is 27 MHz or more, and the density 
of plasma is as high as 1 x 1 0 11 /cm 3 or higher, uneven- 
ness will easily occur. The above-mentioned upper elec- 
trode according to the present embodiment is effective 
particularly in such a case. 

[0111] The present embodiment is not be limited to 
the above-mentioned examples, and various modifica- 
tions can be made. For example, the upper and lower 
electrodes are applied with electric power having a high 
frequency, only the upper electrode may be applied with 
electric power having a high frequency. Further, the 
case where the upper electrode is applied with electric 
power having a high frequency of 27 to 50 MHz is de- 
scribed in the first embodiment, but the frequency is not 
limited to this range. In addition, the case where the 
semiconductor wafer is used as the substrate to be proc- 
essed and etched is described in this embodiment, but 
the substrate is not limited to the semiconductor wafer, 
but an other substrate, such as a liquid display apparatus 
(LCD) or the like, may be processed. The plasma 
processing is also not limited to etching, but another 
processing such as sputtering, CVD, or the like may be 
performed. The above-mentioned examples of the up- 
per electrodes shown in the present embodiment can 
be employed together. 

[01 12] FIG. 1 6 shows an example of a constitution of 
a plasma processing apparatus according to the third 
embodiment of the present invention, used as a capacity 
coupling parallel plate etching apparatus. The same 
constituent elements as those of the first embodiment 
shown in FIG. 1 will be denoted by the same symbols 
and the description thereof will be omitted. 
[0113] The etching apparatus 103 is different in that 
the electrode rod on the side of the upper electrode 21 
is removed and the chamber 2 covering the rod is 
formed In a different shape. The upper electrode 21 is 
connected to a direct voltage source 43 for boosting a 
self bias voltage (Vdc) of the upper electrode 21 via a 
low pass filter (LPF) 44 for transmitting only a direct volt- 
age. 

[0114] The matching device 41 is provided therein 
with a capacitor (not shown) connected in series, and 
thus the high frequency electric power source 40 and 
the direct voltage source 43 will not conflict with each 
other. 

[0115] The outer periphery of the upper electrode 21 
is provided with an insulating member 25 formed in a 
ring-like shape along the periphery. The insulating mem- 
ber 25 is air-tightly attached at the outer peripheral face 
to the inner sidewall of the chamber 2. With this consti- 
tution, the harmonic absorbing member 51 is not pro- 
vided to the apparatus of the present embodiment. 
[01 16] The operation of the plasma etching apparatus 
103 constituted as above will be described below. 



[0117] As in the first embodiment, the wafer W is 
transferred into the chamber 2 to be electrostatically at- 
tached to the electrostatic chuck 11 . After the pressure 
of the chamber 2 is reduced to a predetermined level, 

5 the process gas is introduced into the chamber 2 to be 
blown to the wafer W under a predetermined pressure. 
[0118] Subsequently, high frequency electric power 
having a frequency of 27 MHz or more, for example, 60 
MHz, is applied to the upper electrode 21 from the high 

10 frequency electric power source 40. By applying such 
high frequency electric power, plasma is generated be- 
tween the upper electrode 21 and the suscepter 5 to 
etch the wafer W. On the other hand, the high frequency 
electric power source 50 applies electric power having 

15 a high frequency of 2 MHz, for example, to the suscepter 
5, and an etching with excellent anisotropy by ion as- 
sistance is performed. 

[0119] Also in the present embodiment, the uneven- 
ness of the electric field will occur on the opposing face 

20 of the electrode plate 23, as in the first embodiment. 
[0120] More specifically, when the high frequency 
electric powerls applied only by the high frequency elec- 
tric power source 40, the harmonic from the plasma gen- 
erates a standing wave on the opposing face of the up- 

25 per electrode 21 , and an unevenness of the electric field 
will occur on the opposing face of the upper electrode 
21 . When the frequency of the high frequency electric 
power applied to the upper electrode is increased to 27 
MHz or higher, the self bias voltage (Vdc) of the upper 

30 electrode 21 is decreased thereby. As a result, the thick- 
ness of the entire plasma sheath S of the upper elec- 
trode 21 will be decreased as shown in FIG. 17A. Due 
to the unevenness of the electric field by the standing 
wave, the plasma sheath of the central portion of the 

35 electrode will be further decreased in thickness. The 
change ratio of the thickness of the overall portion of the 
plasma sheath is increased in such a manner, and the 
self bias voltage (Vdc) on the surface of the upper eiec- 
trode21 . will be made uneven. As a result, the evenness 

40 of plasma will be deteriorated. 

[0121] In contrast, by applying a high frequency elec- 
tric power having a frequency higher than 27 MHz to the 
upper electrode 21 from the high frequency electric pow- 
er source 40 and applying a direct voltage from the direct 

45 voltage source 43, the self bias voltage (Vdc) will be in- 
creased by the valve of the direct voltage as shown in 
FIG. 17B. The increased voltage S1 forms a thicker 
plasma sheath S', which can suppress the influence of 
the unevenness of the self bias voltage (Vdc) and the 

so plasma sheath. 

[0122] With this method, even if the unevenness oc- 
curs in the plasma density, the influence thereof will be 
suppressed at the minimum level, and the etching rate 
can be regarded to be even in the practical level. 

ss [0123] For example, when high frequency electric 
power of 60 MHz and 1 kW is applied to the upper elec- 
trode 21 from the high frequency electric power source 
40, the relationship Vdc = -100 V will be attained. As- 
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suming the fluctuation of Vdc is around ± 1 0 V, the fluc- 
tuation rate wili be as large as ± 10%, which will deteri- 
orate the evenness of plasma. 

[0124] However, when a direct voltage of -400 V, for 
example, is applied from the direct voltage source 43, 
the total sum of the self bias voltage (Vdc) will be in- 
creased to -(100 + 400) ± 10 V. As a result, the fluctua- 
tion rate will be decreased to ± 2%, and the evenness 
of Vdc will be improved. The evenness of plasma can 
be considered to be also improved thereby. 
[0125] The fourth embodiment of the present inven- 
tion will be described below. 

[0126] FIG. 1 8 shows an example of a constitution of 
a plasma processing apparatus according to the fourth 
embodiment of the present invention, used as a capacity 
coupling parallel plate etching apparatus. The same 
constituent elements as those of the second embodi- 
ment shown in FIG. 16 are denoted by the same sym- 
bols and the description thereof is omitted. 
[0127] In the etching apparatus 104, the upper elec- 
trode 21 is connected to two high frequency electric 
power sources. One is the first high frequency electric 
power source 70 for generating plasma connected to the 
upper electrode 21 via a high pass filter (HPF) 72 and 
a matching device 71 . The other is the second high fre- 
quency electric power source 73 connected to the upper 
electrode 21 via a low pass filter (LPF) 75 and a match- 
ing device 74. 

[01 28] The first high frequency electric power source 
70 has a high frequency of 27 MHz or higher. By apply- 
ing electric power having such a high frequency, suitably 
dissociated and high-density plasma can be generated 
in the chamber 2, thereby the plasma processing under 
alow pressure can be attained. In this example, the first 
high frequency electric power source 70 outputtlng high 
frequency electric power of 60 MHz is employed. 
[0129] The second high frequency electric power 
source 73 outputs high frequency electric power of a fre- 
quency lowerthan that output from the first high frequen- 
cy electric power source 70, preferably, 2 to 10 MHz. In 
the present embodiment, the second high frequency 
electric power source 73 outputting high frequency elec- 
tric power of 2 MHz is employed. 
[0130] More specifically, the second high frequency 
electric power source 73 outputs the high frequency 
electric power of a frequency lower than that output from 
the first high frequency electric power source 70, and 
thus functions to boost the self bias voltage (Vdc) of the 
upper electrode 21. 

[0131] The high pass filter (HPF) 72 is intended to cut 
the current having a frequency equal or lowerthan the 
frequency of the second high frequency electric power 
source 73, and the low pass filter (LPF) 75 is provided 
to cut the current having a frequency equal to or higher 
than the frequency of the first high frequency electric 
power source 70. 

[01 32] The plasma etching apparatus 1 04 constituted 
as above performs the etching process in basically the 



same manner as using the plasma etching apparatus 
103 according to the third embodiment. 
[0133] At this time, the density of plasma can be in- 
creased by setting the frequency of the high frequency 

5 electric power applied to the upper electrode 21 at 27 
MHz or higher. However, merely by increasing the fre- 
quency, the standing wave is generated on the opposing 
face of the electrode plate 23 by a harmonic due to the 
reflected wave from the plasma, which will cause une- 

10 venness of the electric field on the opposing face of the 
electrode plate 23. 

[0134] Instead of the application of the direct voltage 
according to the third embodiment, according to the 
fourth embodiment, the second high frequency electric 
*s power source 73 applies the high frequency electric 
power having a frequency lower than the frequency of 
the first high frequency electric power source 70 to the 
upper electrode 21. 

[01 35] The self bias voltage generated by the high f re- 

20 quency electric power applied by the second high fre- 
quency electric power source 73 is larger than the self 
bias voltage generated by the high frequency electric 
power applied by the first high frequency electric power 
source 70. Therefore, the high frequency electric power 

25 from the first and second high frequency electric power 
sources 70 and 73 overlap, as a result, a remarkably 
high self bias voltage (Vdc) of the upper electrode 21 
can be attained compared with the case where a high 
frequency electric power Is applied to the electrode onfy 

30 from the first high frequency electric power source 60, 
as indicated in the embodiment described before. The 
increased voltage forms a thicker plasma sheath, which 
can suppress the influence of the unevenness of the self 
bias voltage (Vdc) and the plasma sheath, as in the case 

35 shown in FIG. 17(b). 

[0136] With this method, the plasma density can be 
made even, on a practical basis, and the etching rate 
can be made even. 

[0137] In an example where high frequency electric 

40 power of 60 MHz and 1 kW is applied to the upper elec- 
trode 21 from the high frequency electric power source 
70, the relationship Vdc = -100 V will be attained. As- 
suming the fluctuation of Vdc is around ± 10 V, the fluc- 
tuation rate will be as large as ± 10%, which will deteri- 

45 orate the evenness of plasma. However, when a high 
frequency electric power of 2 MHz and 500 W, for ex- 
ample, is applied to the upper electrode 21 from the sec- 
ond high frequency electric power source 73, the self 
bias voltage (Vdc) generated by the second high fre- 

50 quency electric power source 73 will be increased to 
around -400 V, and the total sum of the self bias voltage 
(Vdc) generated by the second high frequency electric 
power source 73 will be Increased to - (1 00 + 400) V ± 
10 V. As a result, the fluctuation rate will be decreased 

55 to ± 2%, and the evenness of Vdc will be improved. The 
evenness of plasma can be also improved thereby. 
[0138] The fourth embodiment is not be limited to the 
above-mentioned examples, and various modifications 
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can be made. 

[0139] For example, the upper and lower electrodes 
are applied with electric power having a high frequency, 
only the upper electrode 21 may be applied with electric 
power having a high frequency. 
[0140] Further, where the oxide film formed on the wa- 
fer is etched using the semiconductor wafer, the present 
embodiment can be applied to an etching for an insulat- 
ing film other than the oxide film, a polysllicon film, and 
the like. In addition, the substrate to be processed is not 
limited to the semiconductor wafer, and another sub- 
strate, such as a liquid display apparatus (LCD) or the 
like may be processed. 

[0141] FIG. 19 shows an example of a constitution of 
a plasma processing apparatus according to the fifth 
embodiment of the present invention, used as a capac- 
itive coupling type parallel plate etching apparatus. The 
same constituent elements as those of the first embod- 
iment shown in FIG. 1 will be denoted by the same sym- 
bols and the description thereof will be omitted. 
[0142] The etching apparatus 105 is constituted to 
have an electromagnetic wave shielding box 80 for 
shielding electromagnetic waves above the non-oppos- 
ing face of the upper electrode 21 in the chamber 2. 
[0143] In this constitution, the electric power supply- 
ing rod 33 for supplying high frequency electric power 
output from the high frequency electric power source 40 
is connected to the electrode supporting body 22 of the 
upper electrode 21 . 

[0144] There is provided above the electrode support- 
ing body 22 with a conductive plate-like member 82. A 
cylindrical member 81 and plate-like member 82 are 
electrically connected with each other and the plate-like 
member 82 is connected to the grounded chamber 2. 
[0145] More specifically, the cylindrical member 81 
and the plate-like member 82 are grounded via the 
chamber 2. The cylindrical member 81 can decrease the 
inductance of the electric power supplying rod 33 as will 
be described later, and also ground the harmonics. The 
plate-like member 82 can also decrease the Inductance 
of the upper electrode 21 , and also ground the harmon- 
ics. 

[0146] The other constituent elements are the same 
as those described in the first embodiment. 
[01 47] The operation of the plasma etching apparatus 
1 05 constituted as above will be described below. In this 
embodiment, the etching of the film formed on the wafer 
W will be described. 

[0148] As in the first embodiment, the wafer W is 
transferred into the chamber 2 to be electrostatically at- 
tached to electrostatic chuck 11 . After the pressure of 
the chamber 2 is reduced to a predetermined level, the 
process gas is introduced into the chamber 2 to be 
blown to the wafer W under a predetermined pressure. 
[0149] Subsequently, high frequency electric power 
having a frequency of 27 MHz or more, for example, 60 
MHz, is applied to the upper electrode 21 from the high 
frequency electric power source 40. By applying such a 



high frequency electric power, plasma Is generated be- 
tween the upper electrode 21 and the suscepter 5 to 
etch the wafer W. On the other hand, the high frequency 
electric power source 50 applies electric power having 
s a high frequency of 2 MHz, for example, to the suscepter 
5, and an etching with excellent anisotropy by ion as- 
sistance is performed. 

[0150] In general, the density of plasma can be in- 
creased by increasing the high frequency electric power 

10 applied to the upper electrode 21 to 27 MHz or higher, 
as described before. However, the inductance of the 
electric power applying rod is very large, and thus the 
harmonic is reflected from the plasma by the inductance 
component of the electric power applying rod. The re- 

15 fleeted harmonic is further reflected by the faces of the 
electromagnetic wave shielding box 80, and returns to 
the opposing face of the upper electrode 21 generating 
the plasma. Particularly with an electrode having a di- 
ameter of 250 - 300 mm<|>, a standing wave will be easily 

20 generated on the surface of the electrode due to the har- 
monic, which makes the electric field on the electrode 
uneven. 

[0151] in contrast, according to the present embodi- 
ment, the conductive cylindrical member 81 is arranged 

25 near the electric power supplying rod 33. This constitu- 
tion is equivalent to a circuit having a number of capac- 
itors arranged in parallel between the cylindrical mem- 
ber 81 and the electric power supplying rod 33, as 
shown in FIG. 20. The inductance component of the 

30 electric power supplying rod 33 is cancelled by the ca- 
pacitance component of the capacitors to decrease the 
impedance, with the result that the inductance compo- 
nent of the electric power supplying rod 33 will be de- 
creased. 

35 [0152] The cylindrical member 81 is grounded via the 
chamber 2, and thus the harmonic reflected by the elec- 
tric power supplying rod 33 will be grounded through the 
cylindrical member 61 . 

[0153] Accordingly, the harmonic from plasma will not 
40 be easily reflected by the electric power supplying rod 
33, and the harmonic itself will be decreased, with the 
result that a standing wave generated by the reflection 
of the harmonic will not be easily generated on the plas- 
ma contacting face (opposing face) of the electrode 
45 plate 23. 

[0154] Consequently, the electric field on the plasma 
contacting face of the electrode plate 23 can be made 
more even, which makes the plasma density even. 
[0155] The inductance component on the non-oppos- 

so ing face of the electrode supporting body 22 will contrib- 
ute to generate a standing wave due to the reflection of 
the harmonic. However, according to the present em- 
bodiment, the plate-like member 82 is arranged near the 
non-opposing face of the electrode supporting body 22, 

55 which is equal to the equivalent circuit having a number 
of capacitors arranged in parallel between the electrode 
supporting body 22 and the plate-like member 62, as 
shown in FIG. 21 . The inductance component at the por- 
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tion will be decreased, according to the same principle 
as mentioned above. The harmonic will be grounded 
through the plate-like member 82. 
[0156] Accordingly, the plate-like member 82 will fur- 
ther Improve the standing wave preventing effect. s 
[0157] The distance between the cylindrical member 
81 and the electric power supplying rod 33, and the dis- 
tance between the plate-like member 62 and the elec- 
trode supporting body 22 need to be set suitably In ac- 
cordance with the capacitance necessary for canceling 10 
the standing wave. For example, when the high frequen- 
cy electric power is set at 2 kW, the distances need to 
be set at 8 mm or more to prevent the breakdown in air. 
[0158] In point of view of forming the capacitors, no 
component needs to be provided between the cylindri- is 
cal member 81 and the electric power supplying rod 33, 
and the distance between the plate-like member 62 and 
the electrode supporting body 22. However, if the filter- 
ing function needs to be improved, an electric wave ab- 
sorbing body may be provided therebetween. Similarly, 20 
if the dielectric constant needs to be adjusted, a dielec- 
tric such as a fluoroplastic (trade name: Teflon) may be 
provided. 

[0159] FIG. 22 shows an example of a constitution of 
a plasma processing apparatus according to the sixth 25 
embodiment of the present invention, used as a capac- 
itive coupling type parallel plate etching apparatus. The 
same constituent elements as those of the first embod- 
iment shown in FIG. 1 are denoted by the same symbols 
and the description thereof is omitted. 30 
[01 60] In the etching apparatus 1 06, an electric power 
supplying rod 93 is arranged at a position shifted from 
the central portion of the non-opposing face of the upper 
electrode 21 so as to supply electric power. According 
to the fifth embodiment, the electric supplying rod 93 is 35 
arranged atthe central portion of the non-opposing face 
of the upper electrode 21 . 

[0161] There is further provided to the non-opposing 
face of the upper electrode 21 with an LC circuit 94 in 
the opposite side of the position of the electric supplying 40 
rod 93. The LC circuit 94 functions to adjust the phase 
of the voltage and current of the high frequency electric 
power supplied to the upper electrode 21 . 
[0162] The LC circuit 94 is constructed by a coil 95 
capable of varying an inductance and a capacitor 96 ca- 45 
pable of varying a capacitance, and connected in series 
between the upper electrode 21 and the chamber 2. 
[0163] There is provided a conductive cylindrical 
member 91 near the electric power supplying rod 93 and 
a conductive plate-like member 92 near the upper por- so 
tion of the electrode supporting body 22. The cylindrical 
member 91 and the plate-like member 92 are electrically 
connected with each other, and the plate-like member 
92 is electrically connected to the grounded chamber 2. 
[0164] The other constituent elements are the same ss 
as those described in the first embodiment. 
[01 65] The plasma etching apparatus 1 06 constituted 
as above performs a similar etching process to that per- 



formed by the plasma etching apparatus 105. 
[0166] However, when the high frequency electric 
power applied to the upper electrode 21 is increased to 
27 MHz or higher, a standing wave will be generated for 
the same reason as described before, and unevenness 
of the electric field on the electrode will occur thereby. 
[0167] When the electric power supplying rod 33 is ar- 
ranged in the center of the upper electrode 2 1 , the phase 
difference d/X (X is the wavelength of the electric wave 
on the electrode, and d is a radius of the electrode) is 
generated between the center and the edge portion of 
the electrode plate 23, as shown in FIGS. 7 and 8 before. 
[0166] In the equivalent electric circuit, the electric 
power applied to the outer portion of the upper electrode 
21 is grounded via an insulator in parallel with the direc- 
tion in which electric power is supplied to the plasma, 
and terminated at characteristic impedance (50fi), and 
thus the electric field strength Eo atthe outer portion is 
expressed as 

Eo = E . cos (tot) 

[0169] The electric field strength Eo at the central por- 
tion of the upper electrode 21 is expressed as 

Ec = E - cos (art + MX) 

where X is the (wavelength shortening) wavelength of 
the high frequency electric power applied to the elec- 
trode and harmonic generated by the reflection from 
plasma, and the high frequency electric power via plas- 
ma. 

[0170] In this time, the high frequency electric power 
is gradually supplied to the central portion from the outer 
portion, and thus the voltage and the current will be con- 
centrated at the central portion from the outer portion in 
the electrode plate 23. When the frequency of the high 
frequency electric power Is increased, the inductance In 
the direction in which the electrode plate 23 is opposed 
to will become too large to be neglected. The impedance 
at the center of the opposing face of the electrode plate 
23 will be decreased due to the interference by the 
phase difference. 

[0171] Due to the above-mentioned problems, the 
strength of the electric field of the center of the electrode 
plate 23 is higher than that of the edge portion. The cent- 
er of the electrode plate 23 comes in contact with plas- 
ma, and thus is an open-circuit edge of an RF equivalent 
circuit. Accordingly, a standing wave having a wave- 
length X - 2d is generated on the opposing face of the 
electrode plate 23, which causes unevenness of the 
density of plasma. 

[01 72] In order to prevent a standing wave generated 
due to the above-mentioned problems, according to the 
present embodiment, high frequency electric power is 
supplied to the position shifted from the central portion 
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to the outer portion of the upper electrode 21 via an elec- 
tric power supplying rod 93, and an LC circuit 94 as 
phase adjusting means is provided opposite the electric 
power supplying rod 93 on the non-opposing face of the 
upper electrode 21 with respect to the center. By con- 
stituting the apparatus in this manner, the phases of the 
voltage and the current of the high frequency electric 
power supplied to the upper electrode 21 are made un- 
even on the outer periphery. 

[0173] More specifically, by supplying high frequency 
electric power to the position shifted from the central 
portion to the outer portion of the upper electrode 21 , 
the concentration of the voltage and current paths on 
the opposing face of the electrode plate 23 is prevented. 
Thereafter, the phases of the voltage and the current of 
the high frequency electric power supplied to the upper 
electrode 21 can be made uneven on the circumference 
of the electrode plate 23 by adjusting the inductance of 
the coil 95 and the capacitance of the capacitor 96 by 
using the LC circuit 94 so as to shift the phases of the 
voltage and the current. By making the phases uneven, 
a standing wave which will be caused by the electric 
power supplied from the center of the electrode to the 
opposing face of the electrode plate 23 can be prevent- 
ed. 

[0174] Accordingly, the electric field on the opposing 
face, i.e., the plasma contacting face of the electrode 
plate 23, can be made more even, thereby the evenness 
of the plasma density can be attained. 
[0175] The apparatus of the present embodiment is 
provided with the cylindrical member 91 and the plate- 
like member 92, similarly to the first embodiment, and 
thus the standing wave due to the reflection of a har- 
monic cannot be easily generated on the plasma con- 
tacting face (opposing face) of the electrode plate 23, 
and thus the electric field on the plasma contacting face 
of the electrode plate 23, can be made more even. 
[0176] The above-mentioned advantage can be at- 
tained at a predetermined level if the electric power sup- 
plying rod 93 is shifted more or less from the center of 
the upper electrode 21 . However, when the electrode 
has a diameter of 250 mm, it is preferable to shift 60 mm 
or more the electric power supplying rod 93 from the 
center of the upper electrode 21 . 
[0177] In any of the fifth and sixth embodiments, the 
higher the frequency of the electric power applied to the 
electrode, the easier the standing wave is generated. 
The inventions are thus useful particularly in the case 
where the frequency of the electric power is 27 MHz or 
higher, if the frequency of the electric power used is low- 
er than 27 MHz, however it cannot be said that there is 
no influence of the standing wave, and thus the present 
invention will attain a level of advantage. 
[01 78] Similarly, when the density of plasma is as high 
as 1 x 10 11 /cm 3 or higher, the uneven ness will easily 
occur. The above-mentioned upper electrode according 
to the present embodiment is effective particularly in 
such a case. 



[0179] The fifth and sixth embodiments can be em- 
ployed to attain even better evenness of the density of 
plasma. 

[0180] The present embodiment will not be limited to 
5 the above-mentioned examples, and various modifica- 
tions can be made. 

[0181] For example, the upper and lower electrodes 
are applied with electric power having a high frequency, 
only one of the electrodes may be applied with electric 

10 power having a high frequency. 

[0182] Further, the case where the upper electrode is 
applied with electric power is described in the present 
embodiment, but can be applied to the lower electrode. 
In addition, the case where the semiconductor wafer is 

15 used as the substrate to be processed and etched is 
described in this embodiment, but the substrate is not 
limited to the semiconductor wafer, and other sub- 
strates, such as a liquid display apparatus (LCD) or the 
like, may be processed. The plasma processing is also 

20 not limited to etching, and other processings such as 
sputtering, CVD, or the like may be performed. 

Industrial Applicability 

25 [0183] The plasma processing apparatus according 
to the present invention us provided with a harmonic ab- 
sorbing member for absorbing harmonic having fre- 
quency of the high frequency wave electric power ap- 
plied by the high frequency wave electric power applying 

30 means is arranged to come in contact with the electrode. 
The harmonic absorbing member absorbs the harmonic 
before returning to the high frequency electric power 
source. A standing wave due to the harmonic is prevent- 
ed from being generated, and the density of plasma is 

35 even. 

[0184] Further, the plasma processing apparatus ac- 
cording to the present invention has two high frequency 
electric power sources. When high frequency electric 
power having a frequency higher than 27 MHz is applied 

40 to the electrode for generating plasma from one of the 
high frequency electric power sources, the high frequen- 
cy electric power having a lower frequency than that of 
the above electric power is applied from the other one 
of the power sources, thereby the self bias voltages 

45 (Vdc) generated by the power sources overlap, to attain 
a high level self bias voltage. By the increased self bias 
voltages (Vdc) the plasma sheath is made thicker, which 
can suppress the unevenness of the plasma sheath due 
to the unevenness of the self bias voltage (Vdc). As a 

so result, evenness can be attained of the plasma density, 
and the etching rate can be made even when the appa- 
ratus is used for etching. 



55 Claims 

1 . A plasma processing apparatus comprising: 
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2. 



4. 



6. 



a chamber in which a substrate to be processed 
is housed; 

a first electrode and a second electrode ar- 
ranged to be opposed to each other in the 
chamber; s 
high frequency electric power applying means 
for applying a high frequency electric power to 
the first electrode; 

a harmonic absorbing member arranged to 
come into contact with one of an outer periph- 10 
ery and an outer face on an opposing face (a 
face which is opposed to the second electrode) 
of the first electrode being opposed to the sec- 
ond electrode, for absorbing a harmonic gener- 
ated by the high frequency electric power ap- 1$ 
plied by the high frequency electric power ap- 
plying means; 

exhaust means for exhausting the chamber to 
maintain a pressure in the chamber at a re- 
duced level; and 20 
process gas introducing means for introducing 
process gas into the chamber, 

wherein in a state one of the first and second 
electrodes is caused to hold the substrate to be 25 
processed, while the harmonic absorbing member 
absorbs the harmonic generated by the high fre- 
quency electric power, a high frequency electric 
field is formed between the first and the second 
electrodes to generate plasma of the process gas, 30 
and the substrate to be processed is subjected to 
plasma processing with the plasma while the har- 
monic absorbing member absorbs the harmonic 
generated by the high frequency electric power. 

35 

A plasma processing apparatus according to claim 
1 , wherein the harmonic absorbing member is lam- 
inated harmonic absorbing members having fre- 
quency characteristics different from each other. 



7. A plasma processing apparatus where 

a first electrode and a second electrode are ar- 
ranged to be opposed to each other in a cham- 
ber; while process gas is introduced into the 
chamber maintained at a reduced pressure in 
a state that the substrate to be processed is 
held on the side of the opposing face of the sec- 
ond electrode, a high frequency electric field is 
formed between the first and the second elec- 
trodes to generate plasma of the process gas; 
and, a predetermined plasma processing is 
performed on the substrate to be processed 
with the plasma, wherein 
the first electrode has an electrode plate ar- 
ranged to be opposed to the second electrode, 
the electrode plate has an outer portion consti- 
tuted by a conductor or semiconductor and 
a central portion constituted by a dielectric 
member or a high resistance member with high- 
er resistivity than that of the outer portion, and 
the first electrode Is applied with the high fre- 
quency electric power from a face of the first 
electrode to which the second electrode is op- 
posed. 

8. A plasma processing apparatus according to claim 
7, wherein, when the central portion of the electrode 
plate is formed of a high resistance member, a skin 
depth 8 expressed by the following formula (1) is 
larger than the central portion of the electrode plate 
in thickness. 



5 = (2/coo>i) 1/2 (1) 



[where a*=2nf (f is frequency), a is conductivity, u. is 
magnetic permeability]. 



A plasma processing apparatus according to claim 
1 or 2, wherein the harmonic absorbing member has 
a magnetic resonance loss effect. 

A plasma processing apparatus according to claim 45 
3, wherein the harmonic absorbing member con- 
tains ferrite. 

A plasma processing apparatus according to one of 
claims 1 to 4, wherein the frequency of the high fre- so 
quency electric power applied to the first electrode 
is 27 MHz or higher. 

A plasma processing apparatus according to one of 
claims 1 to 5, further comprising high frequency ss 
electric power applying means for applying high fre- 
quency electric power having a frequency within a 
range of 1 00 kHz - 1 0 MHz to the second electrode. 



40 9. a plasma processing apparatus according to claim 
8, wherein both the outer portion and the central 
portion of the electrode plate are formed from silicon 
(Si), and the outer portion having low resistivity and 
the central portion having high resistivity are formed 
by differentiating doping amounts of dopant into the 
outer portion and the central portion. 

10. A plasma processing apparatus where 

a first electrode and a second electrode are ar- 
ranged to be opposed to each other in a cham- 
ber; while process gas is introduced into the 
chamber maintained at a reduced pressure in 
a state that the substrate to be processed is 
held on the second electrode, a high frequency 
electric field is formed between the first and the 
second electrodes to generate plasma of the 
process gas; and, a plasma processing is per- 
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held on the second electrode, a high frequency 
electric field is formed between the first and the 
second electrodes to generate plasma of the 
process gas; and, a plasma processing is per- 
s formed on the substrate to be processed with 

the plasma, wherein 

an electrode plate formed of a conductor or 
semiconductor is provided on an opposing face 
(a face which is opposed to the second elec- 

10 trode) of the first electrode, 

a member having an electromagnetic wave ab- 
sorbing effect, is provided so as to come in con- 
tact with a central portion of a non-opposing 
face (a face which is not opposed to the second 

15 electrode) of the first electrode; and 

the high frequency electric power is applied 
from the non-opposing face of the first elec- 
trode. 

20 14. A plasma processing apparatus according to one of 
claims 7 to 13, wherein the frequency of the high 
frequency electric power applied to the first elec- 
trode is 27 MHz or higher, and a density of formed 
plasma is so high as 1 x lO^/cm 3 or higher. 

25 

15. A plasma processing apparatus where 

a first electrode and a second electrode are ar- 
ranged to be opposed to each other in a cham- 

30 ber; while process gas is introduced into the 

chamber maintained at a reduced level of a 
pressure in a state that the substrate to be proc- 
essed is held on the second electrode, a high 
frequency electric field is formed between the 

35 first and the second electrodes to generate 

plasma of the process gas; and, a plasma 
processing is performed on the substrate to be 
processed with the plasma, wherein 
an electrode plate is provided on a side of an 

40 opposing face of the first electrode; 

the electrode plate has an outer portion consti- 
tuted by a conductor or semiconductor and 
a central portion constituted by a dielectric 
member or a high resistance mem ber with high- 

45 er resistivity than that of the outer portion, and 

the first electrode is applied with the high fre- 
quency electric power from a non-opposing 
face of the first electrode. 



formed on the substrate to be processed with 
the plasma, wherein 

an electrode plate formed of a conductor or 
semiconductor is provided on the side of on an 
opposing face (a face which is opposed to the 
second electrode) of the first electrode; 
one of a dielectric member and a high resist- 
ance member having higher resistivity than that 
of the electrode plate is provided so as to come 
in contact with a central portion of a non-oppos- 
ing face (a face which is not opposed to the sec- 
ond electrode) of the electrode plate, and 
the high frequency electric power is applied 
from a non-opposing face of the. first electrode. 

11. A plasma processing apparatus according to claim 
1 0, wherein a skin depth 5 expressed by the follow- 
ing formula (1) is larger than the electrode plate in 
thickness. 

S = (2/<ooit) 1/2 (1) 

[where co=27rf (f is frequency), o is conductivity, ji is 
magnetic permeability]. 

12. A plasma processing apparatus where 

a first electrode and a second electrode are ar- 
ranged to be opposed to each other in a cham- 
ber; while process gas is introduced into the 
chamber maintained at a reduced pressure in 
a state that the substrate to be processed is 
held on the second electrode, a high frequency 
electric field is formed between the first and the 
second electrodes to generate plasma of the 
process gas; and, a plasma processing is per- 
formed on the substrate to be processed with 
the plasma, wherein 

an electrode plate formed of conductor or sem- 
iconductor is provided on the side of the oppos- 
ing face (a face which is opposed to the second 
electrode) of the first electrode, and 
an insulator formed on an opposing face of the 
electrode plate is provided, wherein 
the high frequency electric power is applied 
from a non-opposing face (a face which is not 
opposed to the second electrode) of the first 
electrode. 

13. A plasma processing apparatus where 

a first electrode and a second electrode are ar- 
ranged to be opposed to each other in a cham- 
ber; while process gas is introduced into the 
chamber maintained at a reduced pressure in 
a state that the substrate to be processed is 



so 16. An electrode according to claim 15, wherein, when 
the central portion of the electrode plate is formed 
of a high resistance member, a skin depth 8 ex- 
pressed by the following formula (1) Is larger than 
the central portion of the electrode plate in thick- 

55 ness. 
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5 = (2/wa^) 1,<£ (1) 

[where o>=27rf (f is frequency), a is conductivity, u. is 
magnetic permeability]. 5 

17. An electrode according to claim 16, wherein both 
the outer portion and the central portion of the elec- 
trode plate are formed from silicon (Si), and the out- 
er portion having low resistivity and the central por- 10 
tion having high resistivity are formed by differenti- 
ating doping amounts of a dopant. 

18. A plasma processing apparatus where 

15 

a first electrode and a second electrode are ar- 
ranged to be opposed to each other in a cham- 
ber; while process gas is introduced into the 
chamber maintained at a reduced pressure in 
a state that the substrate to be processed is 20 
held on the second electrode, a high frequency 
electric field is formed between the first and the 
second electrodes to generate plasma of the 
process gas; and, a plasma processing is per- 
formed on the substrate to be processed with 25 
the plasma, wherein 

an electrode plate constituted by a conductor 
or semiconductor is provided on a side of an 
opposing face of the first electrode; 
one of a dielectric member and a high resist- 30 
ance member with higher resistivity than that of 
the electrode plate is provided so as to come in 
contact with a central portion on a non-oppos- 
ing face of the electrode plate to the first elec- 
trode; and 35 
the first electrode is applied with the high fre- 
quency electric power from the non-opposing 
face of the first electrode. 



held on the second electrode, a high frequency 
electric field is formed between the first and the 
second electrodes to generate plasma of the 
process gas; and, a plasma processing is per- 
formed on the substrate to be processed with 
the plasma, wherein 

an electrode plate formed of conductor or sem- 
iconductor is provided on a side of an opposing 
of the first electrode; 

an insulator is formed on an opposing face of 
the electrode plate; 

the high frequency electric power is applied 
from a face of the first electrode on a side on 
which the second electrode is not opposed to. 

21 . A plasma processing apparatus where 

a first electrode and a second electrode are ar- 
ranged to be opposed to each other in a cham- 
ber; while process gas is introduced into the 
chamber maintained at a reduced pressure in 
a state that the substrate to be processed is 
held on the second electrode, a high frequency 
electric field is formed between the first and the 
second electrodes to generate plasma of the 
process gas; and, a plasma processing is per- 
formed on the substrate to be processed with 
the plasma, wherein 

an electrode plate formed of a conductor or 
semiconductor is provided on a side of an op- 
posing face of the first electrode; 
a member having an electromagnetic wave ab- 
sorbing effect is provided so as to come in con- 
tact with a central portion of a non-opposing 
face of the electrode plate; 
the first electrode is applied with the high fre- 
quency electric power from the non-opposing 
face of the first electrode. 



19. A plasma processing apparatus according to claim 
1 8, wherein a skin depth 5 expressed by the follow- 
ing formula (1) is larger than the electrode plate in 
thickness. 



5M2/o)au.) d) 



40 22. An electrode according to one of claims 15 to 21, 
wherein thefrequency of the high frequency electric 
power applied to the first electrode is 27 MHz or 
higher, and a density of formed plasma is so high 
as 1 x 10 11 /cm 3 or higher. 

45 

23. A plasma processing apparatus comprising: 



[where co=27tf (f is frequency), a is conductivity, \i is 
magnetic permeability]. 

20. A plasma processing apparatus where 

a first electrode and a second electrode are ar- 
ranged to be opposed to each other in a cham- 
ber; while process gas is introduced into the 
chamber maintained at a reduced pressure in 
a state that the substrate to be processed is 



a chamber containing a substrate to be proc- 
essed; 

a first electrode and a second electrode ar- 
ranged to be opposed to each other in the 
chamber; 

high frequency electric power applying means 
for applying high frequency electric power hav- 
ing a frequency of 27 MHz or higher; 
direct voltage applying means for applying a di- 
rect voltage to the first electrode; 
exhaust means for exhausting the chamber to 
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maintain a pressure in the chamber at a re- 
duced level; and 

process gas introducing means for introducing 
process gas into the chamber, 

5 

wherein in a state that the second electrode 
is caused to hold the substrate to be processed, 
while a direct voltage is applied by the direct voltage 
applying means, a high frequency electric field Is 
formed between the first and the second electrodes 10 
to generate plasma of the process gas, and the sub- 
strate to be processed is subjected to an etching 
processing with the plasma. 



24. A plasma processing apparatus comprising: 



15 



a chamber containing a substrate to be proc- 
essed; 

a first electrode and a second electrode ar- 
ranged to be opposed to each other in the 20 
chamber; 

first high frequency electric power applying 
means for applying high frequency electric 
power having a frequency of 27 MHz or higher; 
second high frequency electric power applying 25 
means for applying high frequency electric 
power having a frequency lower than that of the 
high frequency electric power applied to the 
first electrode by the first high frequency elec- 
tric power applying means; 30 
exhaust means for exhausting the chamber to 
maintain a pressure in the chamber at a re- 
duced level; and 

process gas introducing means for introducing 
process gas into the chamber 35 

wherein In a state that the second electrode 
is caused to hold the substrate to be processed, a 
high frequency electric field is formed between the 
first and the second electrodes to generate plasma 40 
of the process gas by applying the high frequency 
electric power from the first and second high fre- 
quency electric power applying means, and the 
substrate to be processed is subjected to etching 
processing with the plasma. 45 



25. A plasma processing apparatus according to claim 
24, wherein the frequency of the high frequency 
electric power applied by the second high frequency 
electric power applying means is 2 to 10 MHz. 



26. A plasma processing apparatus according to one of 
claims 23 to 25, further comprising high frequency 
electric power applying means for applying high fre- 
quency electric power having a frequency within a 
range of 1 00 kHz - 1 0 MHz to the second electrode. 

27. A plasma processing apparatus comprising: 



50 



55 



a chamber in which a substrate to be processed 
is received; 

a first electrode and a second electrode ar- 
ranged to be opposed to each other in the 
chamber; 

high frequency electric power applying means 
for applying high frequency electric power to 
the first electrode; 

an electric power supplying rod connected to a 
center of a non-opposing face of the first elec- 
trode, the electric supplying rod supplying the 
high frequency electric power supplied from the 
high frequency electric power applying means; 
a conductive cylindrical member arranged near 
the electric supplying rod so as to enclose the 
electric supplying rod, the conductive cylindri- 
cal member being grounded; 
a conductive plate-like member electrically 
connected to the conductive cylindrical mem- 
ber and grounded; 

exhaust means for exhausting the chamber to 
maintain a pressure In the chamber at a re- 
duced level; and 

process gas introducing means for introducing 
process gas into the chamber. 

wherein In a state one of the first and second 
electrodes is caused to hold the substrate to be 
processed, while an inductance component of the 
electric supplying rod is decreased by the cylindrical 
member and the plate-like member, a high frequen- 
cy electric field is formed between the first and the 
second electrodes to generate plasma of the proc- 
ess gas and the substrate to be processed is sub- 
jected to plasma processing with the plasma. 

28. A plasma processing apparatus comprising: 

a chamber in which a substrate to be processed 
is received; 

a first electrode and a second electrode ar- 
ranged to be opposed to each other in the 
chamber; 

high frequency electric power applying means 
for applying high frequency electric power to 
the first electrode; 

an electric power supplying rod connected to a 
position shifted from a center to an outer pe- 
riphery of the first electrode on a non-opposing 
face, the electric supplying rod supplying the 
high frequency electric power supplied from the 
high frequency electric power applying means; 
phase adjusting means connected to the first 
electrode at one end and grounded at the other 
one end, for adjusting a phase voltage and cur- 
rent of the high frequency electric power sup- 
plied to the first electrode; 
exhaust means for exhausting the chamber to 
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maintain a pressure in the chamber at a re- 
duced level; and 

process gas introducing means for introducing 
process gas into the chamber, 

5 

wherein in a state that one of the first and sec- 
ond electrodes is caused to hold the substrate to be 
processed, while an inductance component of the 
electric supplying rod is decreased by the cylindrical 
member and the plate-like member and a phase of io 
the high frequency electric power (voltage and cur- 
rent) applied to the first electrode is adjusted, a high 
frequency electric field is formed between the first 
and the second electrodes to generate plasma of 
the process gas; and, the substrate to be processed is 
is subjected to plasma processing with the plasma. 

29. A plasma processing apparatus according to claim 
28, wherein the phase adjusting means is an LC cir- 
cuit arranged on the non-opposing face of the first 20 
electrode, at an opposite position to a connected 
position of the electric power supplying rod with re- 
spect to a center of the non-opposing face. 

30. A plasma processing apparatus according to one of 25 
claims 28 and 29. further comprising a conductive 
cylindrical member arranged near the electric pow- 
er supplying rod, and grounded; and 

a conductive plate-like member arranged near 30 
the non-opposing face of the first electrode, 
and grounded. 

31 . A plasma processing apparatus according to one of 
claims 27 to 30, wherein the frequency of the high 35 
frequency electric power applied to the first elec- 
trode is 27 MHz or higher. 

32. A plasma processing apparatus according to one of 
claims 27 to 31 , wherein high frequency electric 40 
power applying means for applying high frequency 
electric power having a frequency within a range of 

1 00 kHz - 1 0 MHz to the second electrode. 
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